Get rights and content Under a Creative Commons license
Introduction
Poor retention of mandibular complete dentures can result in severe patient dissatisfaction. Placing of two implants is currently regarded as the treatment of first choice to improve prosthesis retention [1] . This concept has been widely studied and its success is generally accepted, with regard to not only implant performance but also patient satisfaction [2] . Evidence is available for different attachment systems, for example balls and bars, with favourable results for both [3] .
However, placing of two regular implants is costly treatment, and patients express their reluctance and fear of the surgery and of subsequent pain, especially when two full-thickness flaps are raised [4] . Therefore, minimally invasive and less expensive alternatives have been developed, for example placing a single implant in the mandibular midline [5] or insertion of mini dental implants (MDI) [6] .
MDI are small implants of diameter <3 mm [6] . They have self-cutting threads and can be inserted without gingival flap elevation. They are usually one-piece implants with prosthetic attachments in different shapes, for example tapered abutments or balls. For the mandible, an immediate loading concept is promoted by the manufacturers. First results are indicative of promising implant survival [6] , [7] . It must be remembered that, although four or more implants are recommended for the edentulous mandible, implant retention, only, is achieved. Chewing forces are exerted both on the MDI and also on the mucosal tissues in the posterior areas.
Important information on MDI, for example longterm survival [6] or success [8] , is not available.
Particularly valuable for practitioners are data for patients treated in conventional dental practices [9] .
The purpose of this retrospective analysis was, therefore, to increase the amount of information available on MDI by evaluating survival and maintenance needs from the perspective of practicebased treatment.
Materials and methods

Treatment rationale
This analysis was based on patients from two dental practices in Germany and Luxembourg which documented all MDI placed to retain mandibular overdentures between 2008 and 2015. Patients were treated with MDI if they fulfilled two inclusion criteria: they had worn removable prostheses for years and were dissatisfied with the retention of their dentures. The patients' medical histories were checked for absolute implant contraindications as described by Hwang et al. [10] , for example active treatment of malignancy, drug abuse, psychiatric illness, or intravenous bisphosphonate prescription. The concept to improve retention for complete denture wearers was to place four MDI in the interforaminal area. For partial denture wearers, MDI were implanted in strategic positions to support free-end-saddles. The MDI (3M Espe, Seefeld, Germany) were loaded immediately after implantation. Only collared O-Ball implants (OB, IOB and MOB; 3M Espe) were used. The corresponding housings were integrated into the old dentures. All implants were placed by the same dentist in a conventional dental practice.
Implantation and prosthetic loading
Digital radiological imaging (2D panoramic X-rays) was performed and a standardized test specimen was used to assess bone height; MDI length was chosen accordingly. After clinical investigation, implant diameter was selected from three possible diameters, 1.8 mm (OB), 2.1 mm (IOB), and 2.4 mm (MOB). Bone augmentation procedures were not performed.
Patients were informed about benefits, risks, and costs by the treating dentist, a general practitioner without specialization in implantology. Implants were placed under local anaesthesia without flap elevation. A pilot drill was used to prepare the implantation site, as In total, 21 complete dentures and 4 RDPs were improved by MDI placement. In the RDP group, 11
MDIs were placed whereas there were 88 in the complete denture group. The eight failed implants were distributed equally in both groups (4 failures each). The difference in survival was analyzed with the log rank test and a significant difference was found (p < 0.001).
Prosthetic complications
After an observation period of up to seven years, all prostheses were still in use. Prosthetic maintenance of MDI-retained overdentures must not be underestimated, however. Denture base fractures were observed in six cases (24%; Table 2 ). It must be stated that only old dentures were used; some of these contained a metal framework which had to be reduced to integrate the housings. A single relining, six weeks after implantation, was recommended to all patients; it was performed for 14 patients only, however, indicating less relining was needed than was expected beforehand. Nevertheless, four of these 14 dentures required additional relining (16% of the dentures). with involvement of a dental laboratory; this might be regarded as more troublesome for patients and dental staff than, for example, a single, previously planned relining procedure.
Discussion
This analysis of results from a dental practice found MDI survival was 92% after up to seven years. The performance of MDI used to support RDPs was poorer in comparison to those used with complete dentures. A significant difference was found between the groups-although these results must not be overinterpreted due to the small sample size. It can be speculated that stress on MDI to support cantilever RDP might be disproportionate. In the present study, MDI were placed in strategically beneficial positions.
As a consequence, an increased number of MDI will be used in RDP cases in future. However, this issue must be addressed by additional investigations. overdentures to be still functioning after four years.
Typical maintenance intervention was repair of denture base fractures (incidence 20%, this study 24%), relining, and change of plastic rings. Integration of a metal framework in the patients' dentures might reduce the incidence of fractures and should be considered, at least when this complication occurs.
Previously existing frameworks, on the other hand, might interfere with integration of the metal housings and might have to be partially removed. This might subsequently reduce the stability of the denture to an unknown extent. In the study of Mundt et al., no prosthetic aftercare throughout the observation time was required for 57.9% of the participants. Prosthetic intervention was required more than once for 30% of the patients. In this study, the incidence of relining was rather high (56%). However, the majority of these relining sessions were single events that had been scheduled before implantation and must be interpreted not as a complication but as a part of the treatment concept. Implantation leads to bone level changes and alterations in the peri-implant soft tissues. Relining is necessary to optimize denture fit and to refine the acrylic denture base after chairside integration of the housings. Moreover, to achieve more elaborate objectives, for example rigid implant support, slender denture base design, and higher chewing efficiency, placement of four and more regular implants is preferable.
Conclusion
After mid-term periods of observation of up to seven years, survival of MDI placed in the mandible was acceptable if the opposing maxilla was restored with a complete denture. Complications, for example denture base fracture and relining, must not, however, be under-estimated.
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